33 J-25/RS-2200 Aerospike Supporting Technologies

T eremamT

Additional R5-2200 Technologies:

e Multi Thrust Cell Technology
* Composite Components

¢ Health Management

e Laser Ignition

Sector Ball Valves/EMA's o Composite Nozzle/Thrust Structure



X 3 3 Lockheed Linear Aerosplke SR-71 Experiment

T, e
SRR S,

* Addresses Vehicle Aerodynamic/Aerospike Engine
Interaction Issues During Flight

* 10% Scale Half-span Model Of Integrated Lifting
Body/Aerospike Engine Mounted On Sr-71

* Two Month Flight Test (Apr-May 96)
- 13 Data Flights (26 Test Points)
- Follows RLV Trajectory Between Fight Mach
Numbers Of 0.6 Through Mach 3.2

— Tobt

e l

S it L
Objectives: ; ; LASRE FLIGHT TEST PLAN
| 90,000
* Establish Database For Validating Analysis Methods And 80,000 -
Tools (CFD) For Use On Full Scale System Design 70,000 -1
-- Provides Hot-fire Data For Use In Combination 60,000
With X-33 Task 4 Cold-flow Wind Tunnel 50,000 -
Testing And CFD Altitude
({) 40,000 | e L LS
* Demonstrate Operation Of Integrated Lifting Body/ 30000 47
Aerospike Engine During Flight At True Mach And 20,000 1
Altitude 10,000 -

0 l ; f f 1 i :
* Measure Installed Thrust Along RLV Flight 00 05 10 15 20 25 30 35 40
Trajectory Mach Nurnber
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X-33
Propulsion
Systems

~
ﬁ' Aecrospike

RLV
Propulsion
Systems
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RS-2100

Integrated Propulsion Technology Demonstrator (IPTD)

... Subsystems

Module

LO2 Module

Full-Size
Components
& Feedlines

LH2 Module

.- Engine
" Module

IPTD Purpose & Objectives:

* Evaluate Main Propulsion
System (MPS) Concepts

* Evaluate Component Integration &
Functional Performance At
Operational Scales & Environments

* Provide A Platform For Operational
Propulsion System Tests That
Would Prevent Potential Flight
Vehicle Damage/Loss In The Event
Of MPS Problems Encountered
During Development

* Reduce Risk of Planned Flight Tests

* Evaluate Low Cost RLV Operational
Concepts/Procedures

Other IPTD Technologies:

RS-2200

RD-0120
Derivative

» Automated Fault-Tolerant Checkout/Control
* Use/Evaluation Of VHM Smart Sensors
* Demonstration Of Operationally Efficient

] Designs, Manpower Support Requirements
& & MPS Maintenance Procedures

CQ_1X)2 S/ I08




Propulsion Technology Schedule & Products

HERER

1of7
| cv1984 | ©CY 1995 CY 1996 CY 1997 Cy 1998  |cy 1999
Tasks FY 1994 FY 1995 FY 1998 FY 1997 FY 1998 FY 1999
1i12i3t4|1iai34a|1jaizia]|rie}sias |1 i2i3 la 1 i2 i3 i4
Aerojet Review at CADB

RD-0120,/CADB Familiarization

Element at CADB

Triprop Element Development

Preburner Test
Triprop Preburner Design, at CADB
Fab & Test — 'Q

Biprop Engine Design,
Analysis & Experiments

Design-Analysis/Experiment

Lightweight Nozzle

Design/Analysis & Test @ Subscale / Full Scale
R

Component Dev. & Test
Hardware-inthedoop Engine |

|

Dperability Enhancements Elecgtron [o] Sl.llite Dem{o/' Sv?teml Lev;el Demo

Altitude-comp. Nozzle I

Breadboard Controller |ESi jia; {Integrated HM

Biprop Demonstration Engine i

Build And Test: Life Extension/Operability
Test at CADB
- - : _‘_v_] Operability Enhancement
RAD-0120 Task 5 Evaluation Test at AETF

- RD-0120 Task B \ A I

v Denotes Deliverable Product

1A687e @



33 Propulsion Technology Schedule & Products

2 of 7
| cv1gs4a T cvy1ess CY 1996 CY 1997 CY 1998  |cY 1999
Task FY 1994 FY 1995 FY 1996 FY 1997 FY 1998 FY 1999
asks 112isjaf17efsfa1lalala|1]eisla [1l2al 2 1 & iz 2
ALLIED SIGNAL
Catalytic Igniter
Igniter/Preburner
Testat TS116
H F
1 i
FIBER MATERIALS, INC. . Database in EH Lab
Nozzle Material Properties
Nozzle Test at TS116
- 3 1 1
40k Nozzle Extension v

MARTIN MARIETTA AEROSPACE Test
Passive LOo Propellant
Conditioning

LUE Cavitation Prevention

Testat TS116
RP-1 Pressurization ' \ A=
Testat TS116 ] |
Russian Kerosene ... -~

\ 4 Denotes Deliverable Product

AR ™oy ab



33 Propulsion Technology Schedule & Products
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[ ©Cvy1984 | cCvy1995 CY 1986 Cy1997 | cv1988  |cy 1999

Tasks FY 1994 FY 1995 FY 1986 FY 1997 FY 1998 FY 1999
1i2i/3]al1]afalaf1ealalal1]eisla 11213 [4 [1 12 [3]a

PRATT & WHITNEY Review at NPOE
Russian Technology Assessment

Russian Tests Complete

19 Element Triprop Injector | ; ' iv-i)
!
1

Russian Tests Complete

RP-1 Pump __“ﬂ

Mode-2 Investigation

PENN STATE UNIVERSITY Injector Selection : Design DB
Tripropellant UniElement Main A 4
Injector

_ ‘ Injector Selection Design DB | Tech. Transfer
Bipropellant Gas-Gas UniElement \ 4 A 4 A 4
Main Injector LT

Rig Delivery
High Pressure Main Injector \A
UniElement Testing

Design DB Tech. Transfer

m

UniElement Ox-Rich Preburner L
Injector

) . Test at MSFC TS115 _
High Pressure Ox Rich ] &

UniElement Testing
v Denotes Deliverable Product 1A-689s ‘
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cy1994 | <cCy199s | cy1ess | cv1997 | cy1gss |cy 1999
Tasks FY 1994 FY 1995 FY 1998 FY 1897 FY 1988 FY 19989
1213 14|11 :2:3 i4 |1 {2 :3 411 :2 13 {4 |17 12 3 (4 |1 & 13 4
ROCKETDYNE

Tripropellant Technologies [

RS2100 Specific Technology
X-33/Proto Engine Definition [

RS2100 FSD Engine Definition L

Complete

Test IRAD PB Complete Flight Type

w/Catalytic ~ Material Screening Prebumer

. . . Igniter Tests Design
Ox-Rich Turbine Drive [  J A 4 f
i 1 i i
Test at

Rocketdyn

Gas-Gas 40K Injector

Lox/LHz2,

RS2200 Specific Technology Injector Tests
X-33 Injector E—'i‘
Rnd - Rect Thruster Test
i Trade Complete atTS116
X-33 Single Thrust Celf Assy* ! , 4 § iv i ]
Multi Thruster
Testat TS116

X-33 Multicell Technology '

X-33 Aerospike Nozzle ]
Development

W Denotes Deliverable Product * Araa 4 Task thru LMSW 1a690: @



Propulsion Technology Schedule & Products

RN

oof7
CY 1994 CY 1985 CY 1998 I CY 1997 ] CY 1998 ICY 19498
Task FY 1994 FY 1995 FY 1996 FY 1997 FY 1998 FY 19389
asks 712183 4|1]2]38la |1]2]31a|11213814 |112 38 14 |1 2 |3 14
i
ROCKETDYNE (CONT'D} i
RS2200 Specific Technology
[Contld] LOX./LHZ,
Injector Tests
, atTS116
RS2200 Injector I }ﬂ
Thruster Test
. at TS116
R5S2200 Single Thrust Cell — ‘|
Multi Thruster
Testat TS116
RS2200 Multicell Technology High MR, Deep I A 4|
Throttling,
Subcolled LH2,
- Restart Tests at §
SSME Derivative Technology AETF
Operations Validation on TTB _— ] bt
Lightweight Light Weight
Nozzle Component Fab
- o Fabricated Process Validated
Operability /Producibility / A 4 v
Weight Improvement | | I 3
Test LH2
Jet Pump Jet Pump
. Water Test w/MK57 Design
Generic BLV Related Technology JetPumps  TPA Optimization
Jet Pumps ﬁ!
P ;‘ ' ‘ IR l
i Select Candidate Fabricate  Test
Matej'ials Pro}otypes Ffrototypes
Composite Components Y; — Yl g
Demo Ignition Test Flightweight
L it Characteristics System
aser Ignition
g R T A B

v Denotes Deliverable Praduct 1A-590.5e ‘



33 Propulsion Technology Schedule & Froducts
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CY 1994 CY 1995 CY 18996 | CY 1997 Cy 1998  [cY 1998
FY 1994 FY 1995 FY 1896 FY 1997 FY 1998 FY 1889
Tasks 1.2 3 4af1:2:84a1i2:3:al1i2i3 a1 2 38 4|1 2 3 4
ROCKETDYNE (cont'd) ; E z
Russian Technologies | Test at TS116
Subscale Ox Rich Preburners : : : h ! Lo
Powder Metallurgy Turbine — — P
Disk
Ceramic Composite Turbine , P
Disk
Nozzle Optimization* 3 ' ‘
Revolutionary Reusable i
Technology Turbopump (BRRTT) Lo
Oxidizer Turbopump [ : ]
E if Test at TST16; o
i ————— T,
Lox Jet-Boost Pump ; * Y |
z |
E :
i ; :
H i : i £
% ;‘ : ? E
v Denotes Deliverable Product g S : * :

*Arpa A Taek +hri MDA 1A.B01% e



Propulsion Technology Schedule & Products
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CY 1894 CY 1985 CY 19496 CY 1997 CY 19398 |CY 1998
FY 1994 FY 1895 FY 1896 Fy 1997 FY 1998 FY 1989
Tasks 2i3i4 23 i4 3 {41112 3 2 3 i4 2 |3 i4

ROCKWELL

Integrated Propulsion System
Test-Bed

Biprop PM Operations
Demonstration Test Series

Integrated Operations
Demonstration Test Series

MPS /Engine Operations
Demonstration Test Series

REFBACTORY COMPOSITES., INC

Nozzle Material Properties

40k Nozzle Extension

W Denotes Deliverable Product

1 i i
Propulsion Checkout &
Control System / Propulsion
Module Lox/LH2 Test

Pt

Integrated Tankage
Propu]sipn Module Test

v

Database in EH Lab

i

Integrated
MPS/Engine System
Testat AETF

Pos. 2
;1

L

1 1

Nozzle Test at TS11

=28

1A-692d

o




Long Term/High Payoff(L'T/HP) Technologies

RLV Enhancement At ll Phases Of Design, Development

And Operational Evolution

[1]3]
LT/HP Technology Program 94 g5 9@ 97 a8 | 39 ao a1 | 02 ] 03 l 04 |

MPS Subsystems & Components
= Turbomachinery
- Combustion Devices & Nozzles
- Lines & Ducts
- Valves & Actuators
- Light-Wieght MPS Technalogies
Analysis & Design Tools
= Fatigue & Fracture Mechanics
- CFD & Model Based Dasign Codes
- Design Tools farPerformance
Enhancement
MPS Instrumetation, Control &
Health Management
- Robust Instrumentation
- Modular Controller Software
- Components w/ BIT
- MPS Diagnostic, Assessment & Technology
Reporting System Inputs
- Realt-Tima Condition Monitoring
- Optical Propertias Anomaly Detectio
Advanced Mat'l, Munuf. &
Process Development
= Thermal Coatings
- Oiagen Rich Technologies
- Alternate Materials Technology
- NDE & Repair of Compositas
- Material Joining & Process Control
- Rapid Protatype Process Integration
System Operations Technologies
- Nondinear Spoctral Analysis
- Expert System for RLV Test & Op's
- BLV Systems Operability
Enhancement Tecnology

-

Pototype Engine Development | Prop. Tech. Demc Design / Build/ Test 1§ ALV Engiip DesignABuild
. ext
Flight Demonstration Program s\ﬁ\ Multiple Design Design|/ Bulld - Systom RLV Design/Build
X-33 Advanced Technology AT T Sidies, Mult -Deeisien
Demonstrator [ATD]) _ Concepts  |Propulsion
; System

Decision




